In this paper, we consider two space variables of nonlinear telegraph equation in terms of voltage and current. The numerical algorithm based on the Laplace transform method (LDM) is applied to obtain analytic and approximate solutions of the space-time nonlinear telegraph equations. The LDM is combined in the form of Laplace transform and Adomian Decomposition method. The results obtained by the LDM show that the approach is easy to implement and computationally very attractive.
Introduction:
Telegraph equation with two space variables is generally utilized in the investigation of wave propagation of electric signals in a cable transmission line and furthermore in wave phenomena 1 . In past years, numerous papers had talked about the arrangement of this equation by various techniques. Biazar, Ebrahimi 2 and Abdou 3 solved Famous partial differential equation using Adomian decomposition method; Sari 4 obtained approximate solution using the Daftardar-GejjiJafaris method (DGJ), for two-space dimensional telegraph equation, Dehghan, Ghesmati 5 used a numerical method based on the boundary integral equation (BIE) and an application of the dual reciprocity method (DRM). In this paper, Laplace decomposition method, which is combined form of the Laplace transform method and the Adomian decomposition method, used to solve the twospace dimensional nonlinear telegraph equation as:
Rearranging this equation, we get
With initial conditions:
3)
Laplace Decomposition Method (LDM):
Consider the general form of second non-homogeneous nonlinear partial differential equations 6 ( , ) + ( , ) + ( , ) = ℎ( , ) (2.1)
Taking Laplace inverse −1 for both sides:
The main step of the this method is to identifies the nonlinear term by the decomposition series
Where is so-called Adomian polynomials, and:
The first few Adomian polynomials given by 
Method of Solution:
In this part, we will apply the Laplace decomposition method to the two-space telegraph equation (1.2) with the conditions in (1.3).
First, we compare Eq. (1.2) with the general form in (2.1), considering that we substitute ( , ) in (2.1) by ( , , ), we find that:
With:
And ℎ( , ) = 0 (3.2)
While the nonlinear term given by:
Applying Laplace transform on both sides of Eq (1.2) with respect to variable, we have:
Taking inverse Laplace transformation to both sides of Eq. (3.4) with respect to variable we have:
The Laplace decomposition method (LDM) 7 assumes a series solution of the function u(x, t) given by:
For our equation, we get:
Substituting Eq. (2.4) and Eq. (3.7) in Eq. (3.5), we get:
Comparing the both sides of the previous equation, we get:
Now note that the nonlinear term in (3.3),
can be split into two terms which making the calculation simpler From this, we will now consider the decomposition of the nonlinear terms into Adomian polynomials s:
Using Eq. (3.6) of ADM, we get:
We can calculate that: Now by the same way we did to find Adomian polynomials for 1 , we will find the polynomials for 2 : evident that the efficiency of this approach can be dramatically enhanced by computing further terms of ( , ) when the LDM is used.
Conclusion:
In this work, the LDM has been successfully applied for solving two dimensional nonlinear telegraph equations with boundary conditions. This method of solution provides the solutions in terms of a convergent series with easily calculable components in a direct way without using perturbation. It is worth mentioning that the LDM is capable of reducing the volume of the computational work as compared to classical methods .Hence, we conclude that the LDM is very powerful and efficient in finding analytical and approximate solutions as well as numerical solutions for wide classes of partial differential equations.
